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ION-EXCHANGE  PROPERTIES  OP  MATERIALS  OBTAINED  EY  RADIATION  GRAFTING 
POLYMERIZATION  OF  ACRYLIC  ACID  AND  STYRCL  FRON  GAS  PHASE  OR 
POLYPROPYLENE  FIBERS  AND  FABRICS 


H.  I.  Boldyrev*  A.  V.  Vlasov*  Ye.  V.  Yegorov,  Ye.  S.  Kolesnik*  S.  B. 
nakarova*  L.  I.  Malakhova*  L.  G.  Tokareva*  B.  L.  Tsetlin 


Ioa-exchange  fibers  and  fabrics  which  contain  certain  functional 
groups  have  a nuaber  of  advantages  over  standard  resins:  They  can 
serve  sisultaneously  as  ion-exchange  and  sechanical  filters;  their 
use  is  particularly  prosising  in  foraulating  continuous  processes; 
since  they  have  a developed  surface*  they  are  characterised  by  high 
exchange  rates. 
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■sually  cation-  and  ion-exchange  aaterials  are  obtained  either 
directly  froa  fibar-for aing  polyaers  which  contain  ion-exchange 
groups  or  polyaer-aaalogoas  conversions.  She  production  of 
ioa-exchange  fibers  and  fabrics  by  the  radiat ion-cheaical  aethod  [1] 
also  appears  very  proaising.  Until  now  these  were  obtained  by 
radiation  grafting  polyaexixation  froa  the  liguid  phase  [ 2-A  ]. 

■he  object  of  the  present  article  is  to  study  the  exchange 
processes  of  it  e-exchange  grafting  aaterials  based  on  polypropylene 
fiber  which  are  obtained  by  the  aethod  of  radiation  graft 
polyaerisation  froa  the  gas  phase  during  irradiation  of  the  original 
fibers  and  fabrics  directly  in  the  vapors  of  the  aonoaer.  As  we  know, 
this  grafting  aethod  eliainates  hoaopolyaerixation  and  Bakes  it 
possible  to  obtain  two-layered  fibers,  the  outer  portion  of  which  is 
the  layer  of  the  graft  polyaer  [5,  6].  In  the  proposed  variation  the 
graft  polyaer  change  are  connected  directly  to  the  substrate  by 
C->c-beadsv  which  causes  the  high  resistance  of  ion-exchange  aaterials 
under  conditions  of  repeated  action  by  corrosive  aedia  and  long-tera 
use. 

Bxperiaeatal  Part 

■ere  we  studied  speciaens  of  propylene  fabric  (article  25337)  on 
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which  the  gas-phase  aethod  was  used  to  graft  polyacrylic  acid  or 
polystyrol.  The  radiation  grafting  polyaerizaticn  reaction  was 
achieved  on  a pilot  device  where  y-radiation  of  Co**  was  used  as  the 
soerce  [7]. 

■hen  acrylic  acid  was  used  as  the  original  aononer,  synthesis  of 
the  ion-exchange  fabrics  consisted  cnly  of  a single  graft  stage.  In 
order  to  iapart  the  ion-exchange  properties  to  specinens  of 
polypropylene  fabric  containing  a graft  polystyrol,  these  were 
subjected  to  sulfooation  by  concentrated  sulfuric  acid  in  the 
presence  of  a catalyst  (aluninua  trichloride)  or  phosphorylation  by 
phosphorus  trichloride  in  this  presence  of  aluainun  trichloride  with 
subseguent  oxidation  of  the  product  by  nitric  acid.  An  ion-exchange 
fabric  with  strong -alkaline  groups  was  produced  as  the  result  of 
chloroaethylation  of  the  grafted  polystyrol  by  aonochloroa ethyl  ether 
(ester)  in  the  presence  of  a catylst  (stannous  tetrachloride)  and 
further  aaination  of  the  chloronethylated  copolyuer  by  an  alcohol 
solution  of  triaethylaaine. 

An  investigation  of  the  properties  of  ion-exchange  fabrics 
revealed  that  the  capacity  of  the  studied  speciaens  was  high  and 
close  to  the  calculated  value  (Table  1). 


One  of  the  Bain  advantages  of  ion-exchange  of  fabrics 
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synthesised  by  the  described  method  is  that  such  aaterials  are  stable 

during  use.  Thus,  in  a fabric  uitb  graft  polyacrylic  acid,  after  30 

sorption-desorption  cycles  CO. 1 norsal  BaOH-H#O-0.1  norsal  HC1),  the 

original  capacity  decreased  by  only  5-10*/,.  For  graft  fabrics 

♦ 

containing  the  groups  -SOaB,  -PO,h,  and  -CBtMfCB,)  ,,  this  treatsant 
is  acconpanied  by  losses  of  3-10«/o  of  the  original  capacity.  At  the 
sane  tine  in  ion-exchange  of  fabrics  obtained  by  the  usual  cheaical 
grafting  there  is  freguently  a 15-30<>/o  decrease  in  the  exchange 
capacity  after  several  cycles.  This  difference  is  apparently  a result 
of  the  fact  that  under  conditions  of  gas-phase  radiation  grafting 
strong  cheaical  bonds  of  the  C-C-type  between  aacroaolecules  of  the 
original  fiber  and  the  graft  copoly aer  are  foraed,  as  was  noted 
above* 

Generally  ion-exchange  aaterials  are  described  by  significant 
heterogeneity.  The  nethod  of  gas-phase  radiation  graft  polyaerixation 
aade  it  possible  to  synthesise  an  ion-exchange  fabric  with  a high 
degree  of  hoaogeaeity: 

Speciaen  nuaber  12345678 

Capacity,  ng-egv/g  4.3  4.4  4.1  4.2  4.1  4.7  4.3  4.3 


i 
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Dae  to  the  fact  that  functional  groups  of  synthesized  ionites 
are  located  on  the  surface  and  that  the  exchange  of  ions  is  not 
lisitsd  by  diffusion  in  the  phase  of  the  sorbent,  the  rate  of 
ion-eychange  on  synthesized  fabrics  is  significantly  higher  than  on 
standard  resins  (figure).  The  capacity  of  graft  two-layer 
(particularly  those  based  on  graft  polyacrylic  acid)  cation-exchange 
aaterials  to  react  uith  replaceeent  of  the  hydrogen  ion  of  the  acid 
groups  by  cations  of  different  aetals  vith  for nation  of  salts  of 
polyaer  acids  can  be  used  to  obtain  fibrous  aaterials  with  a high 
concentration  of  bound  netal.  The  introduction  of  significant 
gaantities  of  a certain  netal  into  the  two- layered  naterial  nay  lead 
to  a substantial  change  in  the  physical  and  physicocheaica 1 
properties  of  the  naterial,  for  exaaple,  the  fheraal  properties  of 
fibers  with  a graft  layer  of  polyacrylic  acid  and  its  salts  (Table 
2) . Polyethylene  and  polypropylene  fibers  with  a graft  layer  of 
polyaerylie  acid  retain  a high  degree  of  strength  up  to  tenperatures 
on  the  order  of  150°,  although  abowe  170-200°  they  loose  their 
strength  entirely  as  a result  of  the  theraal  decarboxylation 
reaction. 

Fibers  with  a graft  layer  of  salts  of  polyacrylic  acid,  obtained 


by  treating  the  onygen  forn  of  graft  copolyaers  with  solutions  of 
appropriate  aetals,  retain  their  aechanical  strength  at  auch  higher 
tenperatures.  This  is  the  result  of  the  greater  theraal  resistance  of 
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salts  of  polyacrylic  acid  as  compared  to  the  polyner  acid  itself. 

For  absorption  of  large  quantities  of  caticns  of  certain  eetals 
(for  the  purpose  of  achieving  couplets  exchange  capacity  of  the 
fibers)  conditions  for  conducting  the  exchange  reaction  oust  be 
selected  in  each  specific  case.  This  can  be  illustrated  using  as  an 
exaaple  the  introduction  of  lead  into  graft  fabrics. 

If  an  ion-exchange  fabric  containing  groups  -COOH  is  treated  by 
0.1  nor  sal  solutions  of  lead  acetate  or  nitrate,  then  only  10®/o  is 
substituted.  If,  however,  the  fabric  has  been  pretreated  with  a 6®/o 
solution  of  assonia  and  rinsed  in  water,  then  after  contact  with  0.1 
noraal  solution  of  lead  salts,  then  lead  can  be  introduced  up  to 
25 of  the  original  capacity.  Finally,  if  after  the  annonia 
treatnent  the  fabric  is  dried  and  the  lead  absorbed,  then  the 
capacity  with  respect  to  PB*+  nay  constitute  nore  than  100 •/#  of  that 
which  is  theoretically  possible.  For  exaaple,  we  can  use  this  net hod 
to  introduce  into  a fiber  with  a total  exchange  capacity  of  6 
ag-eqv/g  up  to  7-8  ag-eqv  Pb*+/g  free  a saturated  (at  roon 
teaperature)  aolution  of  lead  acetate  or  nitrate.  Here  the  obtained 
capacity  is  above  the  total  exchange  capacity.  This  is  caused  by  the 
fact  that  lead  is  sorbed  on  the  fabric  not  only  in  the  forn  of  Pb*+, 
but  also  in  the  fora  of  conplex  ions  of  Pb(CHsCOO)*.  The  ase  of  basic 
lead  acetate  nakes  it  possible  to  introduce  11-12  ag-eqv  Pb**/9  into 
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the  fabric.  Treatment  of  the  fabric  with  sorbed  lead  by  hot  (60-70°) 
water  or  washing  it  with  standard  cleaning  agents  (soap,  detergent 
powders,  etc*)  does  not  lead  to  desorbtioa  of  the  absorbed  lead  (loss 
of  capacity  with  respect  to  lead  does  not  exceed  2-3°/0  and  is  within 
the  error  range  of  the  experiaent) • 

I t should  be  aentioned  that  ion-exchange  fabrics  can  also  be 
obtained  both  by  grafting  appropriate  aonoaers  to  finished  fabrics  or 
by  grafting  to  fiber  and  filaaents  with  subseguent  processing  into 
fabric*  The  selection  of  a certain  systea  for  producing  these 
aaterials  depends  on  their  purpose  and  the  technical  and  econoaic 
production  indices. 

Conclusion 

1.  Gas- phase  radiation  grafting  poly aerization  of  acrylic  acid 
or  styrol  (with  subseguent  sulfonation,  chloroaethylation,  and 
aaination)  onto  polypropylene  fabrics  is  used  to  synthesise 
ion-eychaage  aaterials  with  the  following  groups:  -COO a ; -sosB; 
-po,b,j  -ca,«(ca,),. 

2.  Ion- exchange  fabrics  are  characterised  by  a high  exchange 
capacity,  escelleat  kinetic  characteristics,  thermal  and  cheaical 


stability,  and  hoaogeneity  of  coaposition. 


J.  Tha  int cod  act  ion  lato  such  fabrics  of  icns  of  natal  greatly 
increases  their  heat  resistance  and  sakes  it  possible  to  use  these 
fabrics  at  tea perat ores  above  200*. 
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Table  1.  Exchange  capacity  of  ion-exchange  fabrics.  KEY:  (1)  Graft 
polyaer,  (2)  Concentration  cf  graft  polyaer,  Vo#  (3)  Functional 
group,  (•)  calculated  capacity,  ag-egv/9#  (5)  Capacity  for  0.1  noraal 
solutions,  ag-eqv/g,  (6)  or,  (7)  Polyacrylic  acid,  (8)  The  sase,  (9) 
Polystyrol,  (10)  *Capacity  for  0.1  noraal  BCl. 
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Figure.  Exchange  kinetics  between  H*- (OH) -forn  of  ionite  and  0.1 
noraal  laOH  (HCl) : 1 - propylene  fabric  with  grafted 
polystyrol-sulf uric  acid;  2 - resin  KO-2-8;  3 - propylene  fabric  with 
grafted  polyacrylic  acid;  4 - resin  KB-4;  5 - propylene  fabric  with 
grafted  polystyrol  which  has  been  chloronethy lated  and  aninated;  6 - 
resin  1V-17-8;  7 - propylene  fabric  with  grafted  polystyrol  which  has 
been  phosphorylated;  8 - resin  KBp-5p  resins  with  granularity  of 
0.25-0.5  an  used;  solution  not  nixed.  KIT:  (1)  Depth  of  exchange* 
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Table  2.  change  in  strength  of  fibers  (P)  containing  grafted 
polyacrylic  acid  and  its  salts  at  different  teaperatures.  KEY:  (1) 
Spcciaens,  (2)  Tensile  strength  at  teaperatures,  °c,  (3)  original 
polyethylene  fiber  (PE) , (4)  PE  with  grafted  polyacrylic  acid  (PiK) , 

(5)  The  sane  after  treataent  by  annonia  solution  of  copper  acetate, 

(6)  The  sane  after  treataent  by  solution  of  hydrate  of  bariua  oxide, 

(7)  The  sane  after  treataent  by  a solution  of  cobalt  acetate,  (8) 

Original  polypropylene  fiber  (PP) , (9)  PP  with  grafted  PiK  (59®/0)  , 

(10)  The  saae  after  treataent  by  aaaonia  solution  of  copper  acetate, 

(11)  PP  with  grafted  PiK  (25®/,),  (12)  The  saae  after  treataent  by 
aaaonia  solution  of  copper  acetate,  (13)  Moaenclature:  P - strength 
expressed  in  grass;  P,  - strength  expressed  in  fracture  kiloneters, 
calculated  for  entire  fiber;  P*  - strength  expressed  in  fracture 
kiloneters,  calculated  for  grafted  layer. 
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